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Abstract
Urban green roofs are among the encouraging climate solutions that can transform the future of
cities. The reincorporation of vegetation into the built environment enhances invaluable natural
services, like clean air and water, for all New Yorkers to enjoy. Although the natural services
aren’t economically valued, the benefits that stem from them are. Benefits range from
stormwater management, increased property value and increased lifespan of roofs, and lower
energy bills. Many buildings can be retrofitted for green roofs that work with natural systems to
maximize the environmental, economic, and social benefits unique to the needs or wants of the
installer. When utilized as a climate adaptation tool, green roofs can ease the effects of climate
change for vulnerable communities and support points of weakness in existing stormwater
infrastructure. Despite the ongoing list of benefits, green roofs are not being implemented at a
rate that will create climate resilient cities. This paper explores the challenges of implementing
green roofs in New York City by identifying benefits, addressing valuation obstacles, and
investigating existing policy. Chapter 1 quantifies climate change effects that NYC is currently
facing and will continue to face. In Chapter 2, green roof benefits that mitigate climate change
effects are identified and maximized through strategic design. Chapter 3 examines the history of
policies that support the implementation and the current policies that have come from NYC
climate goals. Current policy in NYC may not be strong enough to increase the amount of green
roofs that is necessary to provide city wide, equitable benefits. Unfortunately, the ecosystem
services that sustain human life are not assigned a monetary value, so their economic benefits
aren’t realized. The green roof valuation process can inform lawmakers to create strong policies
and incentives that advocate for enhancing natural systems. Chapter 4 valuates these services
through cost-benefit analysis.The identification of green roof benefits maximized by design and
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informed by data, the cost-benefit analysis, and the policy examination is synthesized in Chapter
5 as policy recommendations.
Keywords: green roofs, green infrastructure, stormwater management, climate change
mitigations, environmental services, environmental economics, urban design, environmental
policy.
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Introduction: “Think Global, Act Local”
The effects of human caused climate change are already being seen across the world
through catastrophes like natural disasters, food system disruptions and shortages, and the
ongoing 6th mass extinction. As our global temperatures continue to rise, the effects will become
more frequent and pervade into all aspects of life. Our mutual efforts are necessary to keep
global emissions down in order to avoid irreversible climate change, which impacts all humans
and natural systems. We have the solutions, but they are not being implemented at the rate or
scale that is necessary. Many resiliency and adaptation projects will mitigate the effects of
climate change over time and also improve the current quality of life. Scaling the community
specific solutions that work is the difference between a prosperous future and the bleak future
that is ahead if we continue business as usual. The quote by conservationist Patrick Geddes,
“Think Global, Act Local,” is crucial to keep at the forefront of sustainable development and
mitigation efforts. Every community will face the effects of climate change at different rates and
intensities, so action must be aligned with enhancing local natural systems to meet our
community’s needs. By creating resilient cities and communities through aggressive climate
mitigation and adaptation efforts, we are collectively investing in a livable planet for all.
Brooklyn Grange, a rooftop farming company with three locations in Brooklyn and
Queens, exemplifies all of the wonderful ways green roofs can be utilized in cities. The company
focuses on achieving a triple bottom line to include all stakeholders in the success of the
business. New Yorkers are provided a space to reconnect with their food production through
educational programming, fun events that create community, and locally sourced food. The farm
locations make up a total of 5.7 acres of land and are able to yield 100,000 pounds of food each
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year while helping to manage 5 million gallons of stormwater each year. They sell their produce
to local markets and stores which creates green jobs and makes themselves fiscally sustainable.
Spaces that were once unusable now have the potential to be economically, socially, and
environmentally enriching to the community. Brooklyn Grange’s reach extends beyond their
business and into their advocacy for green roof implementation in New York City. They were the
first recipients of the Green Infrastructure Grant Award in 2012 for $592,730 to install the farm
above Brooklyn Navy Yard 1. The Grant is offered through the New York City Department of
Environmental Protection (DEP) as a green infrastructure solution to manage stormwater, so the
more extensive projects are awarded more funding. Brooklyn Grange worked alongside their
councilmember, Rafael Espinal, who helped pass the NYC Climate Mobilization Act.
The expanding success of Brooklyn Grange is unfortunately not the reality for the rest of
the green roof market in New York City. The inability to scale known, effective solutions is a
problem. Like other climate related problems, the solutions must be locally diagnosed and
interdisciplinary. Green roofs are a tool for mitigating and adapting to climate change, and I will
prove their effectiveness in enhancing the natural systems that we’ve suppressed through our
built environment. In this paper, I will explore the specific roadblocks that are currently
hindering the expansion of green roofs in New York City. I will use New York City to exemplify
the unique climate change effects that they face, and then explore the ways that mitigation can
work alongside local ecosystems to maximize efforts. In Chapter 1, I will address the climate
problems surrounding stormwater risks, extreme weather events, and air quality that New York
City currently faces through quantitative data analyses. These environmental services are vital to

1

NYC Environmental Protection, “Project Profil: Brooklyn Navy Yard,” Grant Program for Private Property
Owners,
https://www1.nyc.gov/assets/dep/downloads/pdf/water/stormwater/green-infrastructure/gi-grant-bk-navy-profile.pdf
.
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our survival and quality of life, yet they are currently being degraded through mass amounts of
pollution. Green roofs are an exciting tool because they can revitalize the degraded ecosystem
and every roof can be unique to that specific area’s needs or property owner’s wants. In Chapter
2, I will leverage the local quantitative data with design strategies to maximize the mitigation and
adaptation benefits that green roofs provide. In Chapter 3, I will explain the legislation history of
climate change strategies and green roof implementation plans. In Chapter 4, I will do a simple
valuation to showcase the positive economic implications that green roofs provide. In Chapter 5,
I will recommend and critique policy as a culmination of my findings.
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Chapter 1. Climate Change in NYC

Word Count: 3077

Ecosystem services provide and uphold the essential environmental components that
allow human life to flourish. The Millennium Ecosystem Assessment (MA) categorized the
services, that together make up life on earth, as provisioning which describes the ecosystems’
material output, regulating which comprises of the regulator role that the ecosystem provides,
cultural which humans obtain non-material benefits from the ecosystem, and supporting services
which are the basis for all other services2. All four categories of services are necessary for the
prosperity and success of humans; examples range from food to carbon sequestration to spiritual
experience. There is unequivocal linkage between environmental prosperity and human
prosperity, so when the biodiversity that sustains all life is degraded, there are rippling effects
that cross time scales, borders, and sectors.
MA illustrates the relationship between environmental service degradation and human
well-being in a frame-work of factors that directly or indirectly change an ecosystem. The
indirect drivers of change, like consumption choices and policy framework, adversely affect
human well-being and the direct drivers of change. These factors do not directly cause change in
an ecosystem, but rather an alteration of a direct driver that will ultimately cause the direct
ecosystem change. The direct drivers of change, like resource consumption or local land change,
degrade both the ecosystem services and human well-being directly. Both the indirect and direct
drivers of change contribute to the climate crisis that communities across the globe are facing
due to the pervasive consequences of human activity. One ecosystem change can alter other
drivers of change, so new opportunities for degradation and loss are created and expedited. The

2

Millennium Ecosystem Assessment, “Ecosystems and Human Well-Being: Synthesis,” in A Report of the
Millennium Ecosystem Assessment, http://www.millenniumassessment.org/documents/document.356.aspx.pdf
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IPCC AR5 Synthesis Report 3 refers to the interconnected, exacerbation of natural services as the
‘cascading’ impacts. Examples of these ‘cascading’ impacts include the global shifts in
atmospheric and land temperatures, precipitation changes, and rate of melting ice. Looking to
science and the historic implications of these global shifts are extremely important because of the
cascading nature of environmental degradation.
Humans continue to operate within systems, namely capitalism, that externalize costs to
historically neglected communities and create environmental destruction as a byproduct. It would
be a disservice to environmental literature to offer green roofs, and other mitigation tools, as a
solution without mentioning capitalism. We will not “fix” climate change with climate mitigation
and adaptation tools. At their best, they will only ease the disastrous effects of a global
temperature of 1.5°C above pre-industrial levels. To address the root cause of the climate crisis,
we must dismantle and abolish our current economic and social systems to stop and reverse the
damages that threaten the continual success of human life on Earth. Once the systems that have
plagued our society and environment are eradicated, I am confident that the interconnected
nature of the natural services can be reversed from cascading degradation to cascading
regeneration. Nature, and the groups who have historically honored nature, must be our guide
when rectifying the damages of the Anthropocene. Until their eradication, it is important to scale
all of our known climate mitigation and adaptation tools.
Green roofs can rehabilitate urban ecosystems that have suffered from the lack of
ecosystem services due to the suffocation of local flora and fauna. It is crucial to identify which
ecosystem services are currently degraded, at-risk of being degraded, and co-existing with
human activity to increase the quality of life for those who are currently experiencing the
3

IPCC, 2014: Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, R.K. Pachauri and L.A.
Meyer (eds.)]. IPCC, Geneva, Switzerland, 151 pp.
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impacts of environmental degradation and to prevent further suffering and loss. Quantifying local
climate data is essential to point source local vulnerabilities to ensure that those areas benefit
from mitigation and adaptation projects first. The compactness of New York City does not
exempt it from the disproportionate effects of climate change; there are communities who are
already burdened with the effects of climate change and they will continue to experience these
effects more frequently and more intensely than other New Yorkers. The services that I will be
exploring in this Chapter are local climate and air quality regulation, moderation of extreme
events, and wastewater treatment. I have chosen these services because of their relationship to
New York City, green roofs, and climate change. These ecosystem services can be examined
from a global lens as well, but I will only be examining them from a local, New York City lens.
Local Climate and Air Quality Regulation
Air quality has improved through clean air laws and regulations, but according to Air
Pollution and the Health of New Yorkers: The Impact of Fine Particles and Ozone4 air pollution
can cause health impacts like asthma attacks, heart attacks, stroke, premature mortality or death.
Fine particulate matter, PM2.5, and ozone, O3, are the two more common air pollutants found in
New York City. Air pollution accounts for 6% of annual deaths in New York City, making it one
of the leading environmental threats to New Yorkers. The New York City Department of Health
and Mental Hygiene shows that the combined impact of the two pollutants each year causes
3,400 deaths, 2,800 hospital admissions, and 10,000 emergency visits5. The pollutants are created
through nitrogen oxide chemical reactions and fossil fuel combustion of cars, trucks, buses,
electrical power generation and heat for residential and commercial buildings. Ozone is present

4

NYC Health, “Air Pollution and the Health of New Yorkers: The Impact of Fine Particles and Ozone,”
https://www1.nyc.gov/assets/doh/downloads/pdf/eode/eode-air-quality-impact.pdf
5
NYC Health, “Air Pollution and the Health of New Yorkers: The Impact of Fine Particles and Ozone,”
https://www1.nyc.gov/assets/doh/downloads/pdf/eode/eode-air-quality-impact.pdf
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in much higher concentrations in peak daylight hours and warm months, so New York City sees
ozone level increases from April 1 through September 30. As global temperatures rise, the
concentrated ozone pollutant will be experienced for longer hours and during more months.
Additionally, the New York City Community Air Survey found that pollutant levels are higher in
areas of building density, industry, outer boroughs, residual oil boilers, and traffic density6.
Studies have proven that the distribution of the air pollution is disproportionate to those at-risk
areas as the mortality, emergency visit, and hospitalization rates are consistently higher in the
Bronx, Northern Manhattan, Southern Brooklyn, and the Rockaways. There is a higher exposure
to air pollution in low income, African American and Latine communities. Therefore, the lack of
air quality regulation in New York City is an environmental justice issue that presently threatens
the lives of black and brown communities.
Moderation of Extreme Events
Weather related events are another public health threat that is exacerbated by climate
change. The temperature data collected from 1939 to 2020 by NOAA showcases the rising
temperatures in the Monthly Mean Average Temperature for Laguardia Airport. In 10 out of 12
months, the maximum average temperatures occurred in the past 20 years. Whereas, the most
recent minimum average temperature occurred over thirty years ago and the second most recent
occurred forty years ago. Locally, this proves that temperatures aren’t becoming dually extreme,
but that average temperatures are climbing. The increasingly warm temperatures will expose
more people to heat related illnesses and even heat related deaths. In a 2014 National Health
Statistics Report7, the CDC identified the populations of increased heat risk: older adults, young
6

NYC Health, “The New York City Community Air Survey: Neighborhood Air Quality 2008-2014,” April 2016.
https://www1.nyc.gov/assets/doh/downloads/pdf/environmental/comm-air-survey-08-14.pdf
7
Berko, Jeffrey, Ingram, Deborah, Saha Shubhayu, et. al, “Deaths Attributed to Heat, Cold, and Other Weather
Events in the United States, 2006-2010,” National Health Statistics Reports, Number 76 (2014),
https://www.cdc.gov/nchs/data/nhsr/nhsr076.pdf
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children, males, black people, substance users, bed ridden persons, socially isolated persons,
those living on the top floor of multistory buildings, those who work or exercise outdoors, and
those without air conditioning access. The vulnerable subgroups will continue to be affected, and
as the temperatures continue to increase, the percentages of the NYC population that fall into
those subgroups will also increase. This data does not make New York City an outlier when it
comes to atmospheric warming. According to the IPCC AR5 Synthesis Report, “Each of the last
three decades has been successively warming at the Earth’s surface more than any preceding
decade since 1850” (AR5, 40). The consecutive decades of warming show no signs of slowing
down, which exposes more vulnerable communities on a global scale.
The rising temperatures in New York City are further exacerbated through the
phenomenon called the Urban Heat Island Effect, where ambient temperatures in urban areas are
higher than in surrounding rural areas. It is caused by the replacement of vegetated surfaces with
a built environment; the vegetation that creates natural cooling through evaporation has lessened
and the built environment that absorbs the heat has grown. This heating effect creates a vicious
cycle: cities are hotter so there is a greater need for humans to use more energy to cool down
their houses, Anthropogenic energy contributes to the warming of the earth, and so on.
Stormwater Management
New York City has an understated water treatment infrastructure crisis that is a health risk
for all New Yorkers. Great bouts of precipitation cause plants to exceed their capacity, and thus,
untreated stormwater and sewage overflow into local waterways. Stormwater is created when the
water rushes through the streets to the nearest storm drain and amasses pollutants such as oils,
trash, chemicals, and bacteria along the way. There are 14 water treatment plants that have an
estimated capacity of 1.3 billion gallons per day, but this system does not have the capacity to
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treat the amount of domestic sewage and stormwater inflowing.8 According to the National
Resource Defense Council, about 20 billion gallons of water that is polluted with human feces,
chemicals, and other pollutants enter the New York City waterways every year.9 There are two
different systems that make up the sewer infrastructure: combined sewer systems and the
municipal separate storm sewer systems.10 According to the NYC DEP, the CSS make up about
60% of NYC’s sewer systems. They have a single pipe for domestic sewage and stormwater
management. 11 In dry weather, domestic sewage goes to wastewater treatment plants, gets
treated, and then it is released into surrounding bodies of water. During wet weather events, the
CSS is subject to overflow since the treatment plants cannot handle the incoming capacity of
domestic sewage and stormwater. The other 40% of the sewer systems are made up of the
municipal separate storm sewer systems which carry the stormwater runoff directly into local
waterways without being treated. Both sewer systems contaminate local waterways with human
excreta, trash, and a range of other pollutants during precipitation events. The storm water
system was created to efficiently redirect water to avoid flooding, but sending the water
underground has created a water quality issue.
The combined sewer overflow is a term that is used for the overflow of the combined
sewer system and it occurs when the mixture of stormwater, stormwater pollutants, and domestic
sewage goes untreated into surrounding bodies of water.12 The combined sewer overflow is

8

NYC Environmental Protection, “14 Wastewater Resource Recovery Facilities’ SPDES Permits,” Combined
Sewer Overflows Best Management Practices Annual Report, 2020,
https://www1.nyc.gov/assets/dep/downloads/pdf/water/stormwater/spdes-bmp-cso-annual-report-2019.pdf.
9
Larry Levine, “NYC’s New Plan Would Let Massive Sewage Overflows Continue,” NRDC, February 24, 2020.
https://www.nrdc.org/experts/larry-levine/nycs-new-plan-would-let-massive-sewage-overflows-continue
10
NYC Environmental Protection, “Combined Sewer Overflows,”
https://www1.nyc.gov/site/dep/water/combined-sewer-overflows.page.
11
NYC Environmental Protection, “Combined Sewer Overflows,”
https://www1.nyc.gov/site/dep/water/combined-sewer-overflows.page
12
NYC Environmental Protection, “Combined Sewer Overflows,”
https://www1.nyc.gov/site/dep/water/combined-sewer-overflows.page
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discharged into our local environments any time the capacity of the 14 water treatment plants is
exceeded.13 Stormwater inflow consists of rainfall, snow, and other forms of heavy precipitation
that fall onto impervious surfaces rather than soaking into the soil. The exact amount of
precipitation it takes to trigger the overflows is unknown since there are too many variables.
However, public health notifications are required when precipitation events meet the
predetermined rainfall threshold beginning at 1.5 - 2.5 inches over 12 hours.14 Outfall locations
are the specific location where the combined sewer overflow is released from the sewers and
connected to waterways. There are 700 total outfall locations and the DEP has ranked them in 3
tiers with Tier 1 being the most substantial. Tier 1 outfall locations include Owls Head, Coney
Island, Jamaica, 2 locations in Newton Creek, 4 locations in Bowery Bay, 2 locations in Hunts
Point, and Wards Island. The Tier 1 locations should be the first places to see stormwater
management solutions since they are disproportionately exposed to the pollutants being dumped.
Manhattan and Staten Island have the least amount of outfall locations, so they should not be
prioritized when implementing stormwater solutions. There could be more public awareness
about the health and environmental risks of combined sewer overflows. An example for how
citizens can help keep their water clean would be to limit water consumption during heavy
precipitation events and proper garbage disposal. This could include throwing trash in trash
instead of a toilet, taking shorter showers and waiting to do laundry and the dishes until after it
has stopped raining. The Department of Environmental Protection in New York City has four
programs and initiatives to help inform citizens about these problems and how they can help. In
addition to urging citizens to decrease their water usage during rain events, the DEP or another
13

NYC Environmental Protection, “14 Wastewater Resource Recovery Facilities’ SPDES Permits,” Combined
Sewer Overflows Best Management Practices Annual Report, 2020,
https://www1.nyc.gov/assets/dep/downloads/pdf/water/stormwater/spdes-bmp-cso-annual-report-2019.pdf.
14
NYC Health, "New York City 2019 Beach Surveillance And Monitoring Program,"
https://www1.nyc.gov/assets/dep/downloads/pdf/water/stormwater/spdes-bmp-cso-annual-report-2019.pdf.
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government agency should be advocating for property owners to install green roofs or other
green infrastructure.
Citizens do contribute to the overwhelming of the stormwater system, but the main
stormwater culprit are the many impervious surfaces all over New York City. Impervious
surfaces are water resistant surfaces like sidewalks, roads, rooftops, and compact soils. Instead of
the water being absorbed into vegetation and then transpired back into the atmosphere, the
natural resource becomes stormwater. According to an extensive 4 year study by the DEP15, the
impervious surface levels vary Borough to Borough: Manhattan is 63.09% impervious and
1.67% semi pervious, the Bronx is 57.58% impervious and 3.75% semi pervious, Brooklyn is
60.86% impervious and 3% semi pervious, Queens is 57.39% impervious and 2.15% semi
pervious, and Staten Island is 38% impervious and 6.29% semi pervious. New York City is
almost 73% impervious which means the vast majority of the precipitation isn’t being absorbed
naturally to re-enter the hydrologic system. Since the precipitation can’t be absorbed by the
surface it falls on, it is forced to flow elsewhere. This is a problem because the act of the
precipitation repelling off the surfaces turns it from a resource to an environmental and health
hazard as it picks up pollutants along the way to the sewer system. The percentage of impervious
surfaces in New York City is not stagnant. It can increase with more building development and it
can decrease with adding porous surfaces like vegetation or permeable pavings. If the impervious
area continues to increase, then the stormwater management issue will continue to worsen.
Another factor that will continue to worsen the stormwater management problem is the
amount of weather events that will cause combined sewer overflows. As previously mentioned,
the rainfall threshold that requires the public to be notified of the potential health threat is 1.5-2.5
15

NYC Environmental Protection, “Webinar: DEP’s Citywide Parcel-Based Impervious Area Study,” June 23, 2020,
file:///Users/lydia/Downloads/DEP_s_Citywide_Parcel-Based_Impervious_Area_Study_Webinar_June_23_2020%2
0(2).pdf
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inches over the course of 24 hours. Based on NOAA’s Weather Forecast, the daily average
rainfall at LaGuardia Airport in Queens is .123 inches. Although the average precipitation
doesn’t come close to reaching the rainfall threshold, the day-to-day precipitations can exceed
the rainfall threshold. It is important to note that aside from airports, the NOAA16 does not
publish precipitation or temperature data from the Bronx, Brooklyn, or Queens. The extremely
dangerous combined sewer overflow locations are found in these Boroughs, yet the data
collection that can lead to more accurate solutions isn’t emphasized. The precipitation events that
last long and yield greater amounts of water overwhelm the combined sewer systems for
prolonged durations which increases public health threats caused by the combined sewer
overflows. Extreme precipitation events were once thought to stay consistent over time, but
recent analyses show that these events are becoming more frequent. The Northeast Regional
Climate Center and the Natural Resources Conservation Services states in their Extreme
Precipitation in New York and New England project that 2 inch rainfall events have been
increasing since the 1950s and 1 in 100 year storms are likely occurring twice as often17. Their
project includes an Interactive Web Tool for Extreme Precipitation Analysis that estimates the
extreme rainfall events over various durations and intervals. Using this interactive tool for New
York City, the Extreme Precipitation Estimates that over the course of 12 hours we could expect
precipitation events of 2.32 inches in 1 year, 2.79 inches in 2 years, 3.51 inches in 5 years, 4.17
inches in 10 years, 5.24 inches in 25 years, and 6.22 inches in 50 years18. This study doesn’t
specify how many of these precipitation events to expect each year, but it does indicate that in
the coming years we will see significantly greater precipitation amounts during these events.
16

NOAA, “Precipitation,” https://www.ncdc.noaa.gov/temp-and-precip/global-maps/.
“About this Project,” Extreme Precipitation in New York & New England, accessed May 9, 2021,
http://precip.eas.cornell.edu/
18
“Northeast Regional Climate Center,” Extreme Precipitation Tables, accessed May 9, 2021
http://precip.eas.cornell.edu/data.php?1620596857272
17
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Longer periods of precipitation events and greater amounts of precipitation will lead to longer
periods of untreated sewage and other pollutants entering the local waterways. Rain is an
invaluable resource, yet it has become an environmental burden and a health risk due to the
overwhelmed stormwater management systems in New York City.
The overwhelming of the municipal systems is due to stormwater management problems
and will be exacerbated by the increasing precipitation amounts during more frequent
precipitation events. Since the water treatment infrastructure is already failing during
precipitation events, any influx of precipitation events will continue to threaten the water quality.
Heavier precipitation events cause greater amounts of combined sewer overflows which affects
the water quality of local waterways for a longer period of time. The municipal separate storm
sewer systems do not filter stormwater of the trash, chemicals, and oils that it has picked up on
the way to the local waterways. So any increase in precipitation will also cause an increase in the
amount of pollutants present in the water. Additionally, the Department of City Planning projects
that the New York City population will rise to 9.03 million by 2040, so the amount of domestic
sewage will also see an increase with the population increase.19 Currently, the treatment plants
can manage the average inflow without precipitation events, but as the population continues to
rise this might not always be the case. As the amount of domestic sewage increases in New York
City, the amount of precipitation that it takes to overflow the combined sewer system will
continue to decrease. The failing stormwater management and water treatment plants will
continue to be a problem since the New York City population will increase and so will
precipitation amounts and durations.

19

Department of City Planning, “New York City Population Projections by Age/ Sex & Borough, 2010-2040,”
December 2013,
https://www1.nyc.gov/assets/planning/download/pdf/data-maps/nyc-population/projections_report_2010_2040.pdf
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Unfortunately the environmental services covered in this Chapter are only a few of the
services in the New York City area that have been degraded and are currently worsening the
quality of life for all New Yorkers. Climate change is a threat to the already overburdened
ecosystem through continuous amounts of pollution in the air and water at a local level. At a
global scale, the impacts of climate change will continue to exacerbate the local issues of local
climate and air quality, extreme events, and stormwater. To properly address this crisis,
innovation is absolutely essential because business cannot go on as usual. Green roofs can play a
vital role in restoring the degraded natural systems and act as a tool to mitigate the cascading
impacts in New York City.

18

Chapter 2. Green Roof Design Benefits

Word Count: 3132

Climate change, local pollution, and the built environment are degrading the ecosystem
services that humans rely on for their livelihood and quality of life. On a local level, these
systems need to be revitalized so that all New Yorkers can enjoy the services of air quality
regulation, extreme event moderation, and clean water. The natural systems can be regenerated
through re-engagement solutions like green roofs where dark, impermeable surfaces are replaced
with varying levels of vegetation. Green roofs are a feasible solution because of their ability to
be implemented citywide and that they can provide private and public benefits. According to
Green Roofs for Healthy Cities20, the reason that green roofs haven’t been utilized more in North
America is because of the lack of awareness of the technology and their benefits. This poses a
unique implementation challenge because public benefits will only be achieved through
widespread installments of green roofs on private properties. It is essential that green roofs are
installed across New York City to decrease the amount of impervious surfaces, so every New
Yorker can have better air quality, reduced extreme temperatures, and clean water. But the high
upfront costs of green roof installations may deter many potential urban land stewards because
all of the benefits are not widely known. The lack of awareness of the benefits also inhibits
strong policy creation. In this Chapter I will explore the various benefits of green roofs and the
challenges of urban design.
Unlike the policy and economics that are out of citizen control, making the benefits of
green roofs publicly known can be controlled by citizen action. Raising awareness about the
benefits of green roofs also includes informing citizens on the degradation that has been

20

“About Green Roofs.” Green Roofs for Healthy Cities. Accessed April 16, 2021.
https://greenroofs.org/about-green-roofs.

19
normalized. It is common knowledge that the waterways in New York City are largely
unswimmable, so many people would not find it wrong that citizens don’t have access to their
local resources. But the rivers can be, and should be, used for recreation, tourism, and business.
In Copenhagen, the harbour water is clean enough to swim in, and the citizens enjoy the ability
to use those resources. If the ability to access the water was restricted due to pollution, there
would be a larger public pushback because they have had access. In New York City, the rivers
have the potential to be swimmable, but citizens have become accustomed to the hazards that
have been placed around the access to local waterways. Water quality is only one of the many
environmental services that have been taken away from New Yorkers over time. City officials
and businesses have not been held accountable for the pollution that continues to take away
citizen’s access to nature and its benefits. As climate change exacerbates the existing
environmental problems, citizens’ natural rights to the environmental services will continue to be
exploited if city officials and businesses do not take urgent action. Informing citizens of the
opportunities that will be found in environmental justice are key to demanding the necessary
action from leaders in the private and public sectors. There are public advisories and campaigns
run by New York City to inform citizens when the water is hazardous, but as previously
mentioned, the water quality issue is only environmental degradation that has become an
externalized cost for New Yorkers.
Humans have an affinity with nature because we are a part of nature. It is important to
empower citizens to forge this relationship with nature since many of our cities have been
designed without alignment to nature. Creating spaces separate from nature has caused a physical
separation that is more apparent in dense cities where many people don’t have the time or access
to spend time outdoors. Urban design and architectural design do not need to separate humans
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from nature and our natural affinity with it. Stephen Kellert explains this in his book Biophilic
Design, “Biophilic design is the expression of the inherent human need to affiliate with nature in
the design of the built environment. The basic premise of biophilic design is that the positive
experience of natural systems and processes in our buildings and constructed landscapes remains
critical to human performance and well-being.”21 Human innovation has largely disconnected
humanity from ecological cycles and the natural world. Our built environment can still be
designed in accordance with our original place in nature, and provide a way for us to reconnect
with it. Biophilic design comes from the idea of biophilia which Edward O. Wilson described as,
“To explore and affiliate with life is a deep and complicated process in mental development. To
an extent still undervalued… our existence depends on this propensity, our spirit is woven from
it, hope rises on its currents.” 22 This description inspires a different kind of innovation and
development, one that moves society forward in a positive way through natural connection.
Green roofs could help transition the current built environment to a future where city dwellers
live alongside nature.
There are three types of green roofs that can be retrofitted for roof tops: extensive,
semi-intensive, and intensive. Extensive designs are lightweight because the growing medium
will only be 4 to 6 inches deep which allows for a limited plant diversity. These are the least
expensive of the three roof types and require limited maintenance. Semi-intensive roofs have 6 to
8 inches of growing medium which allows for more plant diversity than extensive. These roofs
are more expensive and require more maintenance than extensive. Intensive roofs have a
growing medium depth of 8 inches or more which can support the greatest plant diversity. These
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roofs are the most costly and will require greater maintenance, but there can be more
opportunities for economic reclamation. A great example of an intensive roof and the economic
reclamation would be Brooklyn Grange as they are able to produce food, host events, and be a
source of local education. Local food production on green roofs could play a major role in
establishing food security across New York City. As green roofs become more widespread, the
ability for more citizens to grow their own food becomes more attainable. Ensuring that all
citizens have access to affordable, nutritional food is essential in the fight for climate justice.
Installing green roofs in areas that are food insecure should be prioritized alongside the areas that
are exposed to poor air quality and combined sewer overflows. Since private benefits directly
benefit landlords and tenets of those buildings, it is imperative that no at-risk communities are
left behind. Green roofs can serve as a climate justice tool to begin to rectify the environmental
harm committed in those communities by making more green space available and targeting point
source areas of pollution.
Private Benefits
Private benefits are enjoyed by those who are directly benefiting from the implementation
of a green roof like a building owner or a building tenant. These benefits include a variety of
enrichment opportunities like increased lifespan of roof, amenities, sound reduction, and energy
reduction. The retrofitted green roof protects the actual roof membrane which helps reduce the
impact of environmental stresses, like UV radiation or hail, on the roof. It serves as a barrier to
the actual roof which can prolong the lifetime expectancy of a roof. Another benefit of the green
roof acting as a barrier includes sound reduction, which can be highly sought after in a densely
populated city.
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Green roofs allow for unique uses of the rooftop space through various design techniques
based on the needs and wants of the installer. This kind of project based design allows for
individuals to enjoy their customized design while supporting the greater goal of citywide green
roof implementation. The project design must take into consideration the roof’s capacity, the
type of green roof, the location of the building with the green roof, and the goal of the space.
Project goals can include food production, increasing local biodiversity, amenity space, or
stormwater management. If a building owner decided that they wanted to help increase the local
biodiversity they could plant native species to attract and provide a resting place for local birds,
bats, and insects. Some green roof owners will keep bee hives on their roof to give a home to the
pollinators that help plants grow. This person would enjoy the economic reclamations of reduced
energy bills, a longer roof lifespan, an opportunity to sell honey, and more. The social benefits
could include a sense of place, inspiration, and aesthetic. Although the social and economic
benefits are exclusive to those who have access to this roof, the green roof supports other
environmental services like habitat provision and pollination. A different building owner could
decide that they want to create another building amenity for their tenants and design a roof with
plenty of seating areas, local wildflowers, and grow vegetables. The building owner could charge
more per unit because of this unique amenity and the tenants could enjoy the aesthetic and
recreation of the space. Both of these options are possible with retrofit projects, and they create a
space for humans to connect with nature while decreasing the amount of impervious surface area
in New York City.
Public Benefits
Public benefits from green roofs are enjoyed by the general public regardless of whether
or not you have access to the actual roof. The same flexibility that private green roof owners
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enjoy also allows the city to support or incentivize individual projects that target sources of
pollution in order to enhance the health and well-being of all citizens. The implementation of
green roofs for public benefit would ideally begin with an understanding of the climate
mitigation goals of New York City at large. It is important to know where these effects are being
felt the worst and support those projects first. Areas that are exposed to these disproportionate
amounts of health hazards should be prioritized when implementing green roofs and other green
infrastructure around the city. To further their impact, those roofs should be retrofitted with
designs that will maximize the potential for water retention, air quality improvement, and other
environmental services that have been hyperlocally degraded. As stated in Chapter 1, the climate
change effects that urgently need to be addressed in New York City are local climate and air
quality regulation, moderation of extreme events, and stormwater management.
The Urban Heat Island (UHI) effect negatively impacts the quality of life for those living
in New York City by exacerbating hot temperatures. The UHI was created from densely
populated cities that have replaced vegetated, pervious environments with built, impervious
areas. Green roofs replace the impervious surfaces with various kinds of vegetation. This
combats the effects of UHI because the plants use the heat energy through evapotranspiration
which reduces the ambient temperatures. Additionally, green roofs lower energy consumption, so
tenants with green roofs would be using less AC in the summertime. This will lower the amount
of associated greenhouse gases that perpetuate the rising temperatures in cities. The green roofs
can also provide shaded space and other natural services like psychological and emotional
benefits from being in nature.
As the annual rainfall in NYC has seen a consistent increase, the need to have an efficient
and effective way to manage stormwater will continue to be necessary. Stormwater management
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by way of green roofs offers a cost-effective solution that addresses water quality goals and
reduces the costs of infrastructure replacement, repairs, and maintenance. The combined sewer
system creates many negative health and environmental consequences that are directly related to
the overwhelmed wastewater treatment plants. These pollutants are major threats to public health
when they are present in the waterways that are used recreationally and commercially23. In a
study, “The Association Between Extreme Precipitation and Waterborne Disease Outbreaks in
the United States, 1948-199424,” it was found that outbreaks of waterborne disease were
statistically related to heavy rainfall events. The costs associated with the impact on human
health include hospital visits, missed work days due to illness, and loss on tourism revenue when
recreation sites are closed. The bacteria and pollutant loads that come from the combined sewer
overflows also affect commercial fishing by polluting fisheries and shellfish beds25. Green roofs
reduce the amount of stormwater by absorbing rain, and according to Graeme Hopkins and
Christine Goodwin in Living Architecture26, “Green roofs can be designed to reduce rainfall
runoff to zero, but typically reduce runoff by 50%” (p. 235). By reducing the amount of rain that
turns into stormwater runoff, the combined sewage system will have less overflow of untreated
sewage thus creating better water quality. Further, green roofs provide biofiltration which
removes pollutants that would otherwise enter local waterways. The biofiltration process ensures
that harmful pollutants are removed from the water cycle rather than being washed off an
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impervious surface into the waterways at the next precipitation event. The last way that green
roofs are a powerful water quality tool is by reducing the amount of precipitation that will
become stormwater. Precipitation in New York City has become an issue to solve rather than
being seen as the vital resource that it is. Green roofs increase the amount of surface area that
allows the rainwater to be absorbed by the plants, thus reducing the amount of rainwater that
would have become stormwater.
Existing grey infrastructure can be complemented and even have their lives extended by
the use of green roofs and other forms of green infrastructure. Grey infrastructure27 is the
hardware and material systems that make up our traditional engineered water infrastructure
designed to handle wastewater, drinking water, and stormwater. In New York City this would be
combined sewer systems and the municipal separate storm sewer systems. These grey systems do
not incorporate nature into the solutions so the inflexible designs lead to short life spans,
pollution as a byproduct, and negative or neutral social and ecological costs. By increasing the
amount of green infrastructure and decreasing our dependence on grey infrastructure, cities can
avoid the need for additional water treatment centers and other water quality regulators that
require large amounts of land and high costs. The 2014 Ontario Provincial Policy Statement28
defines green infrastructure as, “natural and human-made elements that provide ecological and
hydrological functions and processes.” Green infrastructure incorporates nature into the design
which creates long life spans, potential for natural succession, and has a positive environmental
impact that can usually provide amenities. Due to its cost competitiveness, flexibility, and
27
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advantageous benefits, greening our grey infrastructure systems is a robust solution to mitigate
and adapt to climate change. By exclusively using grey infrastructure and not implementing
green infrastructure at the rate that is necessary to see benefits, we are collectively forfeiting the
solutions to many human health and environmental hazards.
There are over 700 outfall locations throughout New York City that experience a higher
exposure to the pollutants in stormwater and untreated sewage. If green infrastructure is
strategically installed into these areas, the amount of stormwater would be reduced. The
buildings nearby those outfall locations should be retrofitted with intensive green roofs that
include plants with high water retention potential. New York City should identify these at-risk
neighborhoods and install the green roofs as part of the citywide, public stormwater and
wastewater management system. Reducing the amount of stormwater that enters the municipal
systems would decrease the amount of untreated sewage, pollutants, and trash that enter the local
waterways. The other public benefits would include regulating services like water regulation,
water purification, and potentially disease regulation. Restoring these regulating services would
have immeasurable long term effects since our local waterways would become more biodiverse
as local species return.
As discussed in Chapter 1, New York City is 73% impermeable and that number could
continue to increase. Roof tops represent a significant portion of the water resistant surfaces and
they are a substantially untapped resource. There are about 1 million roofs in New York City
which equates to 40,000 acres, or 62.5 square miles, of available rooftop space. In the DEP’s
Citywide Parcel-Based Impervious Area Study29, they indicated only .09 square miles of green
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roofs installed between 2010 to 2019. The .09 square miles represents only 60 acres out of the
40,000 available acres. These numbers indicate that there is currently a market penetration of
0.144%. There is so much room for growth and opportunity! Increasing the green roof
installation market would also create local, green jobs. To put the scalability in perspective,
Central Park is 840 acres and if the 40,000 acres were turned into green roofs it would be like
adding 47 Central Parks to New York City. Everyone could have easier access to spaces that
provide them inspiration, food production, clean water, and local biodiversity. There is real
power in converting underutilized spaces into places that can forge connections between people
and with nature.
The opportunities for green roof expansion are there, yet the challenges lie in the
perception that the costs outweigh the benefits. This unfortunate challenge needs to be addressed
in order to make New York City a meadow from above. Encompassed in the DEP’s Citywide
Parcel-Based Impervious Area Study30 was a “Net Pervious Area Change” that compared the
surface coverages from 2010 to 2019. Reasons for change from impervious to pervious surfaces
were identified and included green roofs that were installed or removed after 2010. Over 9 years
of citywide development and the green roofs made up 0.09 square miles, or 0%, of the total
surface improvements of NYC. Green roofs are proven to mitigate these problems and more, but
in 2016 only 730 buildings out of NYC’s 1 million buildings had green roofs31. This means that
we have seen very little growth of green roofs over the past 10 years. Our current rate of green
roof implementation is not great enough for all New Yorkers to receive the public benefits of the
30
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enhanced environmental services. Rohan Lilauwala of the Green Infrastructure Foundation sees
two scenarios, inspired by Paul Hawken’s Project Drawdown32, for the citywide implementation
of green roofs in New York City. The first scenario would achieve a 9% market penetration with
an aggregate of 5.625 square miles or 3600 acres of green roofs by 2050. An annual growth rate
of 14.27% is required to grow from .09 square miles to 5.625 square miles of green roofs over 31
years. The second scenario also begins with .09 square miles, but it grows to 8.125 square miles
or 5200 acres by 2050. This requires an annual growth rate of 15.635% and a 13% market
penetration. Both of these scenarios require a significant increase of green roof implementation
that is not currently being seen in New York City. To reap the immense environmental and social
benefits that green roofs can offer New York City, we must scale this project with strategic
support from policy and incentives.
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Chapter 3. NYC Green Roof Policy Review

Word Count: 2181

Green roof experts indicate that strong policy is key for citywide green roof
implementation. There are policies in place in New York City that are supposed to encourage and
incentivize green roof development. However, those existing policies may not result in the
mitigation necessary to stymie the most pervasive climate change effects. Even with the more
aggressive market penetration projection by Rohan Lilauwala only 5200 acres of green roofs
would be installed by 2050. The Department of Environmental Protection’s Citywide
Parcel-Based Impervious Area Study33 that included the “Net Pervious Area Change” studied the
amount of pervious surface area until 2019, so the impact of the newer local laws have not been
added to previous studies. The New York City Stormwater Resiliency Plan has just been released
in May 2021 and it will set a new standard for stormwater responses in New York City. Green
roofs have been an underrepresented stormwater management tool, so there is potential for this
plan to solidify the need for green roofs when combatting stormwater and other local climate
change problems that have adverse health consequences for New Yorkers. In this chapter, I will
detail the history of New York City policies that include abatements, laws, fees or other tactics to
encourage green roof implementation.
OneNYC and PlaNYC
In 2005 an Order on Consent34 required the DEP to reduce the amount of Combined
Sewer Overflows that were negatively affecting the surrounding waters due to poor water
quality. Initial phases of the Order on Consent included grey infrastructure projects and
Long-Term Control Plans and the most recent update in 2012 outlines the implementation of
33
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cost-efficient grey infrastructure and green infrastructure. In 2008, Mayor Bloomberg issued the
Sustainable Stormwater Management Plan35 as a part of PlaNYC, with a water quality goal to
“improve the public’s recreational use of and access to our tributaries from 48 percent today to
90 percent by 2030, through a series of water quality initiatives.” PlaNYC was a strategic,
sustainability plan introduced by Mayor Bloomberg in 2007 that aimed to achieve 10
overarching goals of resiliency and sustainability in New York City 36. When the plan was first
introduced there were 127 policy initiatives to make New York “greener, greater.” The initiatives
were launched and very successful during their first year, so Mayor Bloomberg added on more
initiatives to further support the long term goals of preparing New York City for population
growth and climate change while enhancing the quality of life and strengthening the economy. In
the PlaNYC, a study from the DEP showcases that the total combined sewer overflows are over
20 billion gallons of polluted stormwater that enters the waterways each year. To combat this
pollution and receive the other benefits of green infrastructure, the DEP runs the NYC Green
Infrastructure Program. Their goal is to reduce the combined sewer overflows by 1.67 billion
gallons per year by 2030.37 This number was criticized by local environmental groups for not
having an aggressive enough reduction of the combined sewer overflows that continue to
contaminate open waters in the meantime.
The Green Roof Tax Abatement was passed under this plan by the New York State
Legislature and implemented in 2009. Green roofs were mentioned as a mitigation tool to protect
the health of New Yorkers from the exorbitantly high temperatures due to the Urban Heat Island
effect. Following the early years of PlaNYC, Mayor Bloomberg released the NYC Green
35
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Infrastructure Plan: A Sustainable Strategy for Clean Waterways. Green roofs were part of the
proposed plan, but as we now know they have not been installed at high rates. As mentioned in
Chapter 2, the DEP’s Citywide Parcel-Based Impervious Area Study38 included the “Net Pervious
Area Change,” which showcased that green roofs made up only 0.09 square miles of green
infrastructure improvements by 2019. In a 2011 PlaNYC update, evaluating the efficacy of green
roofs were listed under the milestones to complete by December 31, 2013 to incentivize the use
of green infrastructure. In this area of the report green roofs were listed as a stormwater
management tool along with other green infrastructure like rainwater gardens and bioswales. In
2012, NYC zoning provisions adopted the Zone Green Text Amendment 39 which removes any
zoning codes that would impede the construction or retrofit of greening a building.
When Bill de Blasio took office in 2014, he changed the name of PlaNYC to One New
York: The Plan for a Strong and Just City or OneNYC 2050. It is the current strategic
development plan for New York City that aims to “build a strong and fair city” through actions
that, “confront our climate crisis, achieve equity, and strengthen our democracy.40” Mayor de
Blasio rebranded the strategic development plan with the intent to address issues of poverty and
inequity alongside the climate crisis in a post recession and post Hurricane Sandy New York
City. The ambitious goals align with the Sustainable Development Goals and include generating
net-zero carbon, achieve 100% clean electricity, investments in climate solutions, and modern
infrastructure41. OneNYC includes yearly reports and continues to add on supporting initiatives
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just like Mayor Bloomberg did with PlaNYC. In September 2014, Mayor de Blasio created a new
carbon reduction goal for New York City to reduce greenhouse gas emissions by 80% below
2005 levels by 2050.
Green roofs in the original launch of OneNYC were only mentioned as a part of the need
to adapt to green infrastructure.42 Later updates of the plan have been slowly increasing the role
of green roofs as a general climate mitigation tool. In May 2021 the Mayor’s Office of
Resiliency released the New York City Stormwater Resiliency Plan which describes current
research, more accurate flood maps, and a resiliency plan. This plan was potentially the first
report to recognize that green roofs only cover 60 acres out of the 40,000 available based on the
2019 “Net Pervious Area Change.” 43 The data surrounding green roof space availability is
aligned with what experts in the field have been working on for many years, which was not the
case in the original PlaNYC. Exact information for existing green roofs has been sporadic so it is
an accomplishment for there to be a recent consolidation of accurate information that supports
green roofs as viable green infrastructure tools. In addition, the plan acknowledges the need for
green roofs in areas that are more vulnerable to disproportionate pollution like combined sewer
overflows and extreme heat. In 2021 the enhanced tax abatement of $15 per square foot,
compared to $5.23 per square foot, is available for areas that are at risk.
The Unified Stormwater Rule is an upcoming regulation that is currently being developed
for New York City. It will be a city-wide rule that, “requires managers of construction sites to
develop plans for how stormwater runoff will be managed on-site during and after
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construction.”44 The rule was created with various stormwater goals in mind like maintaining
water quality through the retention or treatment of stormwater on-site.
Climate Mobilization Act
In 2019, the promising climate resiliency goals for New York City received more
substantial backing through the Climate Mobilization Act which is described as, “the largest
climate solution put forth by any city in the world.” This Act is set to target the greenhouse gas
emissions from the building sector since they are the largest culprit for greenhouse gases. The
New York City Mayor’s Office of Long-Term Planning and Sustainability found that 71% of
greenhouse gases in New York City are coming from the building sector which includes
institutional buildings, industrial buildings, commercial buildings, and residential buildings. In
January 2016, the New York City’s Roadmap to 80 X 5045 stated that more than 68 percent of the
greenhouse gas emissions are coming from the energy used for buildings in New York City. The
more recent studies have found that the building sector is responsible for 3% more greenhouse
gases than originally stated. This could be from inconsistent data, other sectors successfully
reducing their emissions, or an increase in greenhouse gas emissions from the building sector.
Regardless, green roofs were among the suggested improvements for buildings to reduce energy
consumption.
The required laws that the Climate Mobilization Act consists of were designed with the
goal to cut carbon dramatically through four different avenues. The first laws are Local Law 92,
9446 which require some combination of green roofs and solar panels, now called a “Sustainable
Roofing Zone,” to cover the roofs of new buildings and buildings that undergo any major roof
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renovations. The Laws will work to strengthen the CoolRoofs47 requirement of NYC Building
Code that required new roofs to be surfaced with a cool roof material like reflective paint or tiles.
These requirements will decrease the amount of impervious land through the installation of a
green roof, generate sustainable energy, or they can do both! The second law is Local Law 9548
which is an amendment to an existing law that would make the efficiency grade bracket more
aggressive. The amendment is to Local Law 33 of 2018 which required buildings to benchmark
their annual water and energy consumption and display this energy efficiency score near a public
entrance.49 The aim of these laws is to increase the transparency around the energy consumption
of buildings in hopes that they be held accountable for their usage and encouraged to aim for
better grades. The third part of the Climate Mobilization Act is Local Law 96 was created to help
building owners finance energy and water efficiency building upgrades. This is a “sustainable
energy loan program” that is called PACE or Property-Assessed Clean Energy financing. The last
part of theis the “centerpiece,” Local Law 97,50which “requires all buildings larger than 25,000
square feet to meet ambitious carbon reduction targets.” This piece of climate legislation sets a
carbon emission cap on about 50,000 properties across New York City 51. The properties are
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required to comply with this law through decreasing energy use, increasing energy efficiency,
emission offsets, or renewable energy credits.
Green Roof Tax Abatement
PlaNYC included a pilot program for a Green Roof Tax Abatement that launched in 2011
and was renewed by the State in 2013 and again in 2018. The Abatement program 52 is still
running and it provides a tax abatement to property owners that installed a green roof on their
building. This is a one-time property tax abatement that can be a maximum of $100,000 and
requires the green roof to cover at least 50% of the roof space. The Stormwater Infrastructure
Matters Coalition53 has indicated that the Abatement program, “has an aggregate cap of $1
million per year for the whole program, to be allocated proportionally (“pro rata basis”) to all
applicants.” As previously mentioned, the program now allows for a higherAnother funding
program is run through the DEP called the Green Infrastructure Grant Program. This green roof
incentive program is for private property owners and projects receive a greater reimbursement
based on the soil depth over a certain amount of square feet. The newest DEP grant program is
for parcels of land that are 50,000 square feet or larger. The green infrastructure program for
large-scale private properties will go into effect in 2021.
Green roofs have been included in the climate mitigation conversation since the inception
of PlaNYC, but they are still not being implemented at the rate that is needed for widespread
environmental service benefits. Annual reports and updated versions were created for PlaNYC,
OneNYC, and the various green infrastructure initiatives that they sparked, but the market for
green roofs has barely increased. There are ample opportunities for growth and benefit
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reclamation in the private and public sector, yet neither sector is spearheading the market. In the
recent Stormwater Resiliency Plan they have stated that in 2019 in New York City there were
only 736 green roofs.54 It is the most robust action plan that a New York City agency has
established for green roof implementation to date because of the acknowledgement of the
challenges. Further, there is now a higher tax abatement available for those who live near
combined sewer overflow locations or areas of extreme heat. The very acknowledgement of
these challenges in a policy initiative is important for green roof development because it could be
grounds for further research and more initiatives. This was seen in the 2011 PlaNYC update
when there were goals for further research into valuating green roofs. Unfortunately there
weren’t any integral findings that came out of those research opportunities, or else we would
have seen higher rates of green roof installation. However, those pieces of research were being
conducted before Hurricane Sandy and before Covid-19. The devastating effects of Hurricane
Sandy was an emergency alarm for many New Yorkers and politicians to become serious about
the ways in which climate change has affected, and will continue to affect New York City. The
urgency that Hurricane Sandy created in politicians can be seen through the more aggressive
climate change initiatives in the years following. Mayor de Blasio stated that the recession and
Hurricane Sandy were thought of greatly in the creation of OneNYC. New York City is currently
in a mayoral election as we are beginning to see the end of Covid-19. The new mayor of New
York City will potentially create their own strategic development plan to include the new
challenges that threaten New Yorkers, just as de Blasio did when he became the mayor. During
quarantine periods for Covid-19 many New Yorkers were confined to their apartment buildings
and many experienced long periods without going outdoors. There was a need for human and
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natural connection, and there’s potential for creating those spaces in a more localized way
through green roofs. The new legislation that could come from a new mayor should be mindful
of the ways that the Covid-19 pandemic has impacted the lives of everyone. Green roofs could
be a solution, not just for stormwater management, but for New Yorkers to have a better quality
of life after such hardship.
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Chapter 4. Making Benefits Equitable

Word Count: 2011

Green roofs need to be valued so that all of their social, environmental, and economic
benefits are incorporated into decision making. Without evaluating the entire life cycle of a green
roof, the true value of the many benefits are not realized. They have high upfront costs, and a
long term pay off which can deter property owners from making a large investment. When
economic evaluations are completed they rarely include a life cycle analysis to understand the
full scope of a project or a decision. Environmental services are invaluable and without them
humans would not survive. Our current economic system does not value their services aside for
their utility to humans through extraction. This has led to externalizing environmental
degradations as a business normal which does not properly allocate finite resources, leads to
wide-ranging impacts, and contributes to negative future impacts like greenhouse gas emissions.
All of these externalities will need to be addressed since we live on a finite planet. The impacts
of this large-scale, destructive decision making have disproportionately burdened some groups
more than others. We see this through poor air quality that disproportionately affects low income
communities. An industry or business has created that poor air quality, but they do not pay for
the costs associated with it. An alternative solution to conventional economics where pollution is
externalized, is environmental economics where the environmental damages caused during any
phase of the supply chain is accounted for. Environmental economists construct frameworks that
include market and non-market methods in an attempt to incorporate the benefits of
environmental services into more socially and environmentally equitable economic activity.
The upfront costs that it takes to retrofit a roof with a green roof are currently expensive
and can vary greatly from project to project. One of the advantages of the green roof market
being relatively new is that costs tend to fall as the market matures, so construction or retrofit
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prices will become more affordable. There are three costs that are associated with green roofs:
capital, operational, and decommissioning. As prices drop, the green roof’s upfront cost will pay
off more quickly for property owners or for New York City to earn back their investment on the
long-term benefits. There are financial incentives for the private sector to enjoy like reduced
electricity prices and property value increases with an additional amenity space and noise
reduction. There are also economic benefits to be recovered from the savings on aging
infrastructure and restoration projects.
It is important to note that not all green roof benefits can be valued, so that would mean
that all economic evaluations would be understated. Some benefits remain unvalued, while the
benefits that can be valued need to be analyzed from a long-term perspective. For example, a
green roof has been installed by a property owner to create an additional amenity and they
choose to plant some wildflowers that support life for a bird species that had left Manhattan. The
property owner begins to profit off of the green roof because they have increased the rent by
offering an additional amenity. It will take them 5 years to earn back the amount of money that
they spent on the green roof installation, and that is how they track the cost versus the benefit of
the green roof. The wildflowers that they chose to plant are attracting the bird species that had
left Manhattan, so their green roof is the reason that a bird species returned to the land. In their
valuation of the green roof they will only consider the financial gains from the amenities and not
include the ecological gains that his roof has facilitated. The bird species returning is a benefit
that will remain unvalued even though it has increased the biodiversity of the area. The green
roof has far greater benefits than just the additional amenity, but the valuation of the green roof is
limited to what can be financially recorded. A full scope cost-benefit analysis could record the
benefits received in other areas like energy saved or noise levels reduced. If someone was unsure
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of making an investment into their New York City property, learning about the other economic
reclamations might help them make a more informed decision.
There is no literature that brings together all of the costs and benefits of NYC green roofs
in a cohesive manner. Without these valuation estimates, the economic benefits are very hard to
convey to lawmakers and property owners. There are many ways to evaluate the role of green
roofs in an urban setting. In a course on the economic of green roofs, The Living Architecture
Academy identifies some of those frameworks in a benefit assessment, a cost-benefit analysis,
discounting future values, an economic impact analysis, a time-frame analysis, and through
various valuation methods55. There is no standard for valuating environmental services, so the
numbers will be radically different depending on what variables and framework the green roof is
being valuated.
Cost-benefit analyses are complex because there is not one way to valuate these services.
To exemplify the difficult nature of an effective cost-benefit analysis, I will be looking at the
value of the benefits that already have been assigned a monetary value and comparing them to
the current cost of green roofs and the current abatement price that New York City values green
roofs at. It is known that there are 40,000 available acres, roughly 1.7 billion square feet,
available for green roofs in NYC. It is also known that there is about 20 billion gallons of
stormwater that flow into the waterways from combined sewer overflow locations. To figure out
what the stormwater capture rate is for green roofs, I am going to assume that this statistic found
by Paul Mankiewicz, Executive Director of Gaia Institute and SWIM Coalition steering
committee member, “each 10,000 square foot green roof can capture between 6,000 and 12,000
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gallons of water in each storm event56,” is true. To ensure that I am not overcalculating the
capture rate I will use the low end of that statistic to find that there is a 0.6 gallon capture rate per
square foot of green roof. Looking back to the numbers that I found in Chapter 3 that would
achieve a 9% market penetration by 2050, we can apply the .6 gallon capture rate to understand
the different scenarios. This scenario has the potential to capture 1.5 billion gallons of
stormwater in a single precipitation event. The significance of this is exceptional considering the
yearly amount of stormwater pollution is 20 billion gallons. To investigate these numbers further
one could look into the costs of infrastructure maintenance and operations, water treatment prices
specific to the New York City sites, the average amount that a green roof saves building tenants
in heating and cooling, and any trends in property value increase due to the added amenity
spaces that green roofs provide.
In the creation of a cost-benefit analysis, the private and public benefits should be
understood and evaluated. As stated in Chapter 2, the private benefits can include energy
savings, food production, prolong the life of the roof, and reclaim an underutilized space. Each
of these private benefits can be analyzed through a cost-benefit analysis to understand the true
potential of how a green roof could be economically viable despite the high upfront cost. Just as
the example of the property owner found their green roof’s cost versus benefits based on the
upcharge that they were able to make for an additional building amenity. As for public benefits,
like stormwater management and reduction of the Urban Heat Island effect, those kinds of
services would be valued as an avoided cost to New York City. Every storm has an unknown cost
that is associated with the stormwater runoff because we don’t know the full price of the
environmental or health impact of the pollution. These impacts cost New York City in human
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health hazards, degradation of natural resources, and recreation closures. With each green roof
implemented, a certain amount of stormwater is prevented from entering the waterways, thus a
certain amount of the negative impacts are avoided. New York City already sees value in green
roofs through the hybrid use of green infrastructure and funding programs. However, there needs
to be a more comprehensive evaluation of the role that green roofs can play by preventing further
environmental hazards and degradations in New York City.
In 2010 the Center for Neighborhood Technology and American Rivers created The Value
of Green Infrastructure: A Guide to Recognizing Its Economic, Environmental, and Social
Benefits. The aim of this guide was to set a foundation for a general method in valuating green
roof’s multiple benefits through a cumulative assessment. Their framework consists of two steps:
benefit quantification and quantified benefit valuation. They note that there are limitations to
their methods and the most profound limitation is that the scope of their guide does not include
life cycle analyses of the net benefits. First, they identify the benefits of green roofs: improves
aesthetics, improves air quality, improves habitat, improves water quality, reduces atmospheric
CO2, reduces energy use, reduces flooding, reduces grey infrastructure needs, reduces noise
pollution, reduces Urban Heat Island, reduces water treatment needs, and it has potential to
improve community cohesion, increase recreational opportunity, and urban agriculture. 57 Then
they quantify each benefit with appropriate measurements. After they’ve quantified the benefits,
they are able to valuate those benefits. Sometimes exact valuations are not possible or have large
margins of error due to the scale of the quantification or the lack of research in the field. Figure
1. is an example of their valuation process. Climate change is the benefit that they are valuing
and pounds of atmospheric CO2 avoided and reduced is the resource unit. In the first step they
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utilized numbers from other benefit valuation sections of their guide to quantify the benefits like
the reduction of energy measured in kWh and Btu or the reduction of water treatment in gallons.
These quantifications plus the direct sequestration are aggregated into the total measured benefit
which is pounds of atmospheric CO2 avoided and reduced. Step 2 is assigning a monetary value
to the measured benefit. In this example, the total value of climate change is found by calculating
the carbon price at $0.00756 per pound of atmospheric CO2 avoided or reduced. This process
would continue to be repeated with every benefit of green roofs to find the total value. The
limitations of the study are also limited to the valuation tools that others have researched since
the field is still in early stages of development.
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Figure 1. “Process for valuing the Climate Change benefit section of green infrastructure.”
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In addition to pushing the boundaries on sustainability, the Javits Center has become a
leader in community and business relationships through their use of green roofs. In 2014 the
Javits Center installed a 6.75 acre green roof, and since then have created partnerships with many
local universities and organizations to study the impact of their green roof. They do not appear in
any local government documents despite their impact on green roof research in New York City.
As a part of their expansion projects they have partnered with Brooklyn Grange to become
Manhattan’s largest rooftop farm, and it is projected that their annual food production will be
more than 40,000 pounds of produce.59 The green roof “can absorb up to seven million gallons of
storm water run-off annually, while reducing heat gain throughout the building. As a result of all
of our sustainability initiatives, the facility’s annual energy consumption has been reduced by
26%.”60 They are raising the bar for other businesses through their transparent sustainability
reports and business operations, positive impacts to the surrounding community by mitigating
the effects of the Urban Heat Island effect and other environmental services, and facilitation of
research in an underdeveloped field and providing education on green roofs to community
members. The economic reclamations of their impressive statistics include the positive public
perception, energy reduction, and honey production and agriculture.
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Chapter 5. Policy Creates Expansion

Word Count: 1062

Strong policy is crucial for green roofs to be utilized citywide as a climate mitigation and
adaptation tool. The public sector can help with the implementation of green roofs in New York
City through incentivizing the private sector, restructuring water rates to be equitable, and direct
investments. However, I am not convinced that the public sector is currently aware of the full
extent of the economic advantages of green roof implementation since there is no literature that
valuates green roofs, there are limited budgets for the green roof abatement program, and green
infrastructure programs don’t lean on green roofs. New York City does believe in the benefits of
green roofs because there are policies and programs in place that include grants and tax
abatements. But, as we found in Chapter 2, the policies and other programs have only created a
market penetration rate of .0144%. There are not more green roofs in New York City because
decision makers are unaware of the value of the benefits that green roofs provide, so there is not
strong enough policy that would incentivize property owners to install them.
Green roofs can be a great tool to help mitigate the more local disproportionate effects of
climate change through environmental justice initiatives. For example, Manhattan has the least
amount of combined sewer overflow locations out of all of the boroughs, yet many of the
existing green roofs in New York City are located there. In Chapter 2, we learned how important
strategic design is, so the green roofs that are being used for stormwater management should be
placed where the benefits will create the most positive impact. Those areas would be where there
is more flooding or more impervious surfaces. If those locations are not possible to pinpoint, the
areas near combined sewer overflow locations can be equipped with green roofs. The New York
City Stormwater Resiliency Plan did state that there would be an abatement tax available for
almost three times more than the original abatement price. However, the public sector should be
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more aggressive with their goal to support green infrastructure in areas that are unfairly burdened
with exposure to pollution. This could be done through funding green infrastructure projects in
these areas with the goal of minimizing New Yorkers’ exposure to air pollution, extreme heat,
and combined sewer overflow locations.
In Chapter 3, we saw that the Order of Consent detailed projects that included the
implementation of green infrastructure and it outlined the first Green Infrastructure Grant
Program61. In this outline, it was stated that, “preference for grants may be given to projects that
will generate sustainable holistic benefits and community involvement/stewardship in addition to
stormwater management, if supported by sufficient technical analysis or evidence.” Although it
is good that this is stated, the programs rely on an application that requires individual initiative.
Rather than waiting for people to apply for the grants, the public sector should invest in areas
where stormwater management and other environmental hazards are present. Finally, in Chapter
4 we saw the importance for the valuation of green roofs and their many benefits. There must be
an extensive study done to inform lawmakers of the financial benefits to create policy that is
strong enough to make green roofs a financially viable addition for building owners. This study
should include an in-depth analysis of green infrastructure and include green roof
implementation. In every plan that the Mayoral Office and the various agencies have come out
with about climate action, there has not been a proper economic analysis of green roofs or other
forms of green infrastructure. The most recent economic evaluation of green roofs in New York
City occurred in 2010, before Hurricane Sandy, the recession, and Covid-19, in the NYC Green
Infrastructure Plan: A Sustainable Strategy for Clean Waterways. An updated valuation of green
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roofs is a crucial step in communities and government agencies allocating funding for scaling up
installation efforts.
Current policy is not equipping citizens to work together to create a resilient city. As
discussed in Chapter 3, the Green Roof Tax Abatement has an aggregate cap of $1 million per
year. This budgeted amount should be increased so that there are more funds available for
property owners to take advantage of this program. Incentives need to be attractive to property
owners so that there is citywide employment of green roofs. Another way to attract more
greening projects is to restructure water rates. The SWIM Coalition62 proposes that New Yorkers
are charged separately for the sewage service charge that includes both stormwater and for
drinking water. Currently, Yorkers are being billed a water charge for potable water and a sewer
charge for wastewater and stormwater. Both of these charges are based on how much potable
water is consumed which does not account for the impact of stormwater on the sewer system. A
parking lot, for example, likely uses very little potable water, so their property owner would have
a small water bill despite the fact that their property is responsible for a significant amount of
stormwater runoff. Whereas, a multi-family unit that has less impermeable surface area is likely
paying more for stormwater due to the amount of potable water they consume. To create a more
equitable rate structure, drinking water charges should be based solely on water consumption,
while other water fees should charge for properties that produce significant stormwater runoff.
For those who wish to lower these additional stormwater costs, property owners should be
encouraged to install green infrastructure.
The societal and environmental benefits of green roofs are unparalleled because of their
value creation for the public and private sectors. New Yorkers could greatly benefit from more
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access to green spaces and the revitalization of environmental services. It should be a priority for
New York City to invest in this form of green infrastructure and hold itself and other entities
responsible for externalizing environmental degradations. New York City has slowly separated
itself from nature by suppressing the natural environment and that has come with extreme costs
like human lives, reduced quality of life, and inaccessibility to nature. It is time that it embraces
an innovative and holistic approach by re-establishing its relationship with nature, and green
roofs are a great avenue for that change.
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